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magnetic axis. If a strip of hard steel is
rubbed from the center to one end with
one pole, and from the center to the other
end with the other pole of the lodestone,
it is found to take on all the properties of
the lodestone, and the end rubbed with the
north-seeking pole turns to the south, and
vice versa. The north-seeking poles are
found to repel each other, and south-seeking
poles repel each other, while north poles at-
tract south poles. Such a strip of steel, if
mounted on a pivot, forms a magnetic
needle or mariner's compass (see COMPASS).
Such a bar magnet, if dipped into iron filings,
will attract a bunch, thick at the ends, and
thinning rapidly towards the middle. The
strength of the pole is measured by the me-
chanical force it exerts on a similar pole, the
unit pole being taken to be one that will exert
a force of one dyne on a pole of the same
strength placed at one centimetre distance.

The influence of a magnet extends out in
all directions, its sphere of influence being
called its magnetic field. Its form was in-
vestigated by Faraday by the sprinkling of
iron filings over a sheet of card or glass laid
over a magnet. When the sheet is tapped,
the filings arrange themselves in strings,
which radiate out approximately from each
end of the magnet, bending round, some in
small, others in large curves, to join those
from the other end. These lines are called
'lines of force,' as they indicate the direc-
tion of the combined magnetic forces from
the two poles. In a magnet the mag-
netism is not confined to the ends, but
spreads over a considerable length. For
purposes of calculation, however, it is con-
venient to consider the magnetism as con-
centrated at a point. A point is therefore
selected near to each end, which will give the
same magnetic effect on distant objects as the
actual magnetism would do. These points
are called the 'virtual poles,' and the distance
between the two points is called 'the virtual
length' of the magnet. The virtual length is
from three-quarters to five-sixths of the real
length according to the shape of the bar.

Oersted in 1820 found that there was a
magnetic field round any conductor through
which an electric current was passing. With
a Jong straight conductor the lines of force
form circles with the conductor as center,
and the strength of the field is proportional
to the current, and inversely as the distance
from the center of the conductor. If the
conductor is bent into a circle, the lines of
force pass through the inside of the circle,

and return on the outside. Setting up a suc-
cessior of circles on the same axis, with the
current passing in the same direction in each,
the lines of force will pass along the tube
thus formed, returning outside. Such a suc-
cession of circles carrying a current is called
a 'solenoid,' and is closely imitated by a coil
of wire. Professor Ewing has shown that
the mutual influence of the molecular mag-
nets on each other will explain all the phe-
nomena of magnestism in iron and other
magnetic materials. The chief phenomena
are as follows: when a very weak magnetic
force is applied to the iron, the resulting
magnetism is feeble, and is proportional to
the force. An increase in the force produces
a very large increase in the magnetism; but
a further increase is less and less effective,
until the iron ultimately reaches a condition
of magnetic saturation. There are thus three
distinct stages, which correspond to three
conditions of the molecular magnets.
If a piece of iron so magnetized is removed
from the coil, it is found to retain a portion
of its magnetism. This is called 'residual
magnetism.' In a long piece of hardened
steel the magnetism is retained with very
little loss for many years, and a moderate
amount of jarring affects it but little; but
with very soft pure iron the magnetism is
completely lost if the iron is jarred. The
straight bar magnet is often used for con-
venience, but it is not so permanent as
the horseshoe form, for in this the two
poles are brought near together, and the
line of force pass directly across the narrow
air gap, with less tendency to return along
the metal. A high grade of tool steel will re-
tain a considerable degree of magnetization.
The addition of tungsten increases the
strength of the retained magnetism, provid-
ed a keeper or its equivalent is built in the
magnetic structure. Small magnets, such as
compass needles, can be made by stroking the
steel with each pole of a bar magnet in turn.
But a more uniform magnetization can be
obtained by placing the little magnets be-
tween the poles of a powerful electro-magnet
of horseshoe shape.
If a line of force is traced out completely,
it will be found to return into itself, making
a closed path, or into the opposite pole of
a magnet, through which it may be considered
to pass to the initial pole. This path is call-
ed the 'magnetic circuit.' The total number
of lines of force passing through a coil and
around the magnetic circuit is called the
'magnetic flux.' Since the opposite poles of